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ABSTRACT 

This report  describes the work done and the  r e su l t s  obtzined during a pro- 
gram t o  determLne the re la t ionship between the torque required t o  t ighten var- 
ious  types of a i r c r a f t  bo l t s  md screws and. the t e n s i l e  s t r e s s  induced i n  the 
roo t  area of these bo!-ts and screws by t h i s  torque. 

The torque-teilsion re la t ionship was investigated f o r  successive t ightenings 
t o  high t e n s i l e  s t r e s s  l eve l s  from the head and nut, with and witkout lubrication.  

The bo l t s  upon which t e s t s  were perforined were the Ms-20,00b t o  1,1~-20,024 
se r i e s  (14 s izes) ,  the AN-3C t o  AN-20C se r i e s  (13 s izes) ,  and the A . N - ~ O ~ - ~  
t o  AN-509-9163 se r i e s  f l a t  head screws (8 s izes ) .  

For conditions of dr?j torquing the 'torque-tension re la t ionship was found 
t o  be a function of variables;  arnong which were: 

1. The type of metal, hydness  an6 surface f i n i s h  of the p l a t e s  being bolted. 
2. The amount of clearance i n  the  hole d r i l l ed  t o  accoiiunod.ate the  bo l t .  
3. The type of metal, hardness and plated or unplaied conditron of the  

b o l t s  ahci nuts. 
4. The geornetry and surface f i n i s h  of the  head and nut bearing s7zfaces .  
5. The nurnbei: of successive tightenings. 

Lubricated condition torquing produces average torque-tension re la t ion-  
ships xhicli do not vary zppreciabiy over repeated tcrquings t c  the  high t e n s i l e  
s t r e s s  levels .  

Tne above l i s t e d  var iables  do not play a s  important a r o l e  i n  the case of 
lubr icated torquing. 

The increase i n  torque value fo r  tile rky coildition f o r  successive tigh-Len- 
ings t o  the  sale s t r e s s  l eve l  i s  due pr incipal ly  -to tvo factors :  

1. Galiiilg 0," the heaci or nut seatirig sm'Yaces. 
2. Gal1'- cf the f2:read.s between the nxi; aild bolt .  

P r e l i ' i n a q  t e s t s  Ind- ica t~ ,  t h a t  accomlts fo r  a considerably greater  
gercentage of the increase ii.1 torque values thzn does thread. gall ing,  tdlich 
suggests a meJihod of p a a t i a . l l ~ -  lubricated tcrquing. 

The pub1icai;ion or" t l l is  repor t  does not const i tu ie  approval by  the Air 
Force of the f indings or conclsusions herein. It i s  published only f o r  the  
exchange and stinlula-Llci? of ideas. 

iii 

1 Chief, ~ i r c r a f  t Labor a t  o q  
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PURPOSE The purpose of t h i s  contract i s  t o  determine the re la t ion-  

ship between torque required t o  t ighten various types of a i r -  

c r a f t  bo l t s  and screws, and the t ens i l e  s t r e s s  induced i n  the 

roo t  area of these bo l t s  and screws by t h i s  torque. 

TEST - The rela t ionship was investigated fo r  repeated torquings 
C ONDITIONS 

from the head, and from the nut, with and without lubrication.  

Hardness and surface f i n i s h  t e s t s  were a lso made f o r  compari- I 
son purposes. 

BOLTS - A l l  s i ze s  i n  the ~~-20,001!. t o  14~-20,024 ser ies ,  the AN-509- 
TESrn - 

8R t o  ANT-509-916~ se r i e s  and the AN-3C t o  AN-20C ser ies  were tes ted 

w i t h  sui table  nuts. A l l  nuts and bo l t s  used were purchased i n  the 

open market with the  exception of a l imited nmnber of na t s  furnished 

by two a i r c r a f t  manufacturers f o r  coniparison purposes. 

TEST The t e s t s  were perfornied on a special  t es t ing  machine designed 
Em 

and b u i l t  f o r  the purpose, and capable of producing indications of 

torque and tension simultaneously. 

%nuscript released by the author June, i957 f o r  publication a s  a. :$JC Tech- 
n i ca l  Report. 



SECTION I1 

S PI3 C I PI 'E  N S 

BOLTS - 
TESTE;D - 

Tests were performed on the following bo l t s  and nuts: 

Sizes - Bolt - Nut 
7 

Tables 1, 2 and 3, l ists  the sizes tested and the coded 

- designations. 

SPECIMEN The specimens used f o r  the torque tension t e s t s  were iden- jizm!mT- 
'm t i f i e d  by a code comprised of l e t t e r s  and d i g i t s  indicating the - 

following : 

The f i r s t  l e t t e r  or l e t t e r s  designate the s ize  of the bol t  

and the type as  noted i n  Tables 1, 2 and 3. 

The second d i g i t  indicates the specimen number. Five spec- 

imens were used f o r  each condition of tes t .  

The th i rd  l e t t e r  i s  ei ther  I.1 o r  N indicating whether the 

specimen was torqued from the head or from the nut. 

When lubrication was used in tes t ing the specimen, a fourth 

l e t t e r  I, was added t o  the code designation. 
I 

For example, the specimen E-3-N-L i s  the th i rd  specimen of 

the N-20,008 bol t  group m d  was torqued from the nut a f t e r  the 

application of lubricant t o  the threads and t o  both the nut and head 

WADC TR 57-330 2 



seating surf aces, 

During the course of the t e s t  program, several sizes of nuts 

which were supplied by Lockheed Aircraft  Corporation and by Boeing 

Airplane Company were tested, These nuts were used w i t h  bo l t s  

F, G, H, I, J and K i n  the ~ 2 0 , 0 0 9  t o  MS-20,018 series, These 

have been further ident if ied i n  the ltTest Data11 sheets by the 

l e t t e r  A f o r  the nuts supplied by Lockheed and the l e t t e r  B f o r  ' 

the nuts supplied by Boeing, This l e t t e r  appears before the 

specimen number, 

Appendix I contains the dimensional de ta i l s  of the bol ts  

and nuts used, Figure 1. shows the various types of specimens 

used. 











SECTION I11 
- - -- - . - - 

T E S T S  A N D  E Q U I P M E N T  

In  order t o  t e s t  the  bo l t  torque-tension relationship,  a specia l  

'- t e s t i ng  machine was designed and b u i l t .  This t e s t i n g  machine incor- - 
I 

porates a motorized drive f o r  torquing the  bol ts .  See Fig. 2. 

Tension measurements were made by compressing cal ibrated 

s t r a i n  gage load c e l l s  with the  bol ts .  Four s izes  of load c e l l s  

were used f o r  the  complete range of b o l t  tension. Calibratirjn of 

the  compression c e l l s  was performed on a Tinius-Olsen Compression 

Tester, with a capacity of 200,000 l b s .  Fig. 3 shows the  com- 

pression ce l l s .  

Torsion. measurenients were made on calibrated tcrs ion loac? ce l l s .  

Four s izes  were used f o r  the conplete range of torsion. Calibra- 

t i on  cf the  tors ion c e l l s  was performed on a Tinius-Olsen Torsion 

Tester, with a capacity of 60,000 in .  lbs.  Fig. 4 shows the  to r -  

sion ce l l s .  

Bolt tension and tors ion msasurements were read d i r ec t l y  from 

Asch Equipri~ent Cornpany sel f  balancing ty2e s t r a i n  indicators.  

See Fig. 2. 

The t e s t  s e t  up f o r  the dif ferent  types of bo l t s  a re  shown i n  

Fig. 5, 6 and. 7. 

I W W S S  Hardness t e s t s  were made on several  specimens from each ty2e 
TESTS - 

and f o r  each s ize  cf the  bo l t s  and nuts, and aJso on representative 

spacer blocks. These were mad-e on a Rock-c~ell Hard.ness Tester. 

T7le spacer blocks were comtersuidi t o  allow clearance f o r  the  

f i l l e t s  m d ~ r  the heads of the I ~ S - ~ C , O O ~  t o  ~'1'3-20,024 se r i e s  bol ts ,  



and the  AN-3C t o  AN-20C se r i e s  bol ts ,  and also-for the  f l a t  heads of 

the AN-~o~-SR t o  AN-509-916~ s e r i e s  screws. Contours a re  shown on the  

"Te-st Data" sheets i n  Appendix 111. The spacer blocks used with the  

nuts were not countersunk. Spacer blocks a r e  shown i n  Fig. 8. 

SURFACE Tests were a l so  performed on the same specimens f o r  f i n i s h  of 
FINISH - 
TESTS - the  seating surface of the  heads and the  nuts where they contact the  

spacer blocks, and a l so  of the bearing surface of the  spacer blocks. 

A Profilometer was used f o r  these t e s t s .  Pr io r  t o  making the  t e s t s ,  

the  Profilometer used was cal ibrated against  know11 standards and 

found t o  be indicating 73i of the  R.M.S. values. I n  the d-ata sheets 

a correction fac tor  of 1.33 was applied t o  the  Profilometer readings. 
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SECTION IP 

- P R E L I M I N A R Y  T E S T I N G  

I n i t i a l  eJxperimental t e s t s  were made using AN-412-30, 1/4-28 

UNF-3A stainless  s t ee l  bol t s  and AN-363-~428 s i lver  plated s t e e l  
\ 

nuts. 

I n  these t e s t s  the compression recording s t r a in  gage c e l l  was 

sandwiched between cold rol led s t e e i  spacer blocks d r i l l ed  t o  accolnma- 

date the 1/411  diameter AN bolts. Bolts were torqued i n  the dry condi- 

t ion from the nut. 

Two methods of obtaining torque-tension data fo r  multiple torqu- 

ings of the i ~ . ~ i v i d u a l  bolt-nut combinations were investigated. 

1. T o ~ L ; . u ~ ~ , -  the bol ts  t o  a maximum tension value ( l e s s  than 
tha t  causing bol t  yield)  i n  s i x  uniform steps, returning 
t o  zero tension and repeat- the sequence f ive  times. 

2. Torquing the bol ts  from zero tension t o  the f i r s t  of s i x  
uniform steps f ive  times ' i n  succession and repeating f o r  
each higher tension point up t o  the maximun tension. 

Torquing t o  each tension value f ive  tirizes bef,ore proceeding t o  

the next, required greater values of torque a t  the higher tension 

loads than a id  the method of torquing tlre bol t  from miniriiur~i t o  max- 

i m u m  tension f i v e  tirrles i n  succession. The spread between individ- 

ua l  torque values fo r  the same bol t  tension, however, was not a s  

great using method #2. 

I D  was decided tha t  method #1 would be adopted f o r  the t e s t  

program f o r  the reason tha t  torquing by this meGod was more repre- 

sentative of actual f i e l d  conditions than method #2. 

It was observed- tha t  the torque required f o r  the same tension 

i n  the bol t  over repeated runs increased greatly due t o  galling 



and scarring of the s t e e l  spacer blocks. 'Also, the initialisrun - 

I 
, of each new bolt-nut combination increased over that of the'pre- 

vious combination a s  the surface of the spacer bloclc became pro- 

gressively rougher. 

TESTING THE I n  an e f fo r t  t o  obtain more consistent r e su l t s  ,torn bol t  t o  bolt, 
EFFECT 03' 

hardened s t ee l  washers were inserted between the bearing surfaces of 

nut and bol t  head and the s t ee l  spacer blocks. These washers, how- 

, ever, turned on the spacer block with the  nut and caused the same 

galling conditions a s  did tne nut turning d i rec t ly  on the spacer block. 

Pinning the hardened washers to  the spacer block proved unsatis- 

factory due t o  breakage of the b r i t t l e  washers during the t e s t  runs. 

TESTS TO In  order t o  i so la te  the torque required t o  overcome thread f r i c -  
j!zmmlF 
HEAD & NUT t ion from the torque required t o  overcome the f r i c t i o n  of the nut 
m 
'm~ I and spacer block bearing surfaces, an AN-200-KP-4 b a l l  bearing was 

mounted in  the s t ee l  spacer block. The nut turned freely on the 

inner race of the b a l l  bearing during these torque-tension tes ts .  

For this arrangement smaller torque values than previously observed 

were required t o  obtain the desired tension values i n  the bolts. 
/ 

After sixteen repeated-dry torquing runs on the same bolt-nut combin- 

at ion the torque required t o  obtain the same tension in the bol t  did 

, not increase perceptibly, Thus fo r  t h i s  bolt  and nut combination 

the increase in thread f r i c t i o n  due t o  repeated tightenings was 

negligible, indicating t h a t  the additional torque required f o r  

repeated tightenings,and successive bo l t s  d u r h g  previous t e s t s  was 

due principally t o  the worsening condition of the bearing surface of 

the s t e e l  spacer blocks, and nuts or heads, 



TESTS Since the surface condition of the cold rol led s t e e l  spacer 
h m  
~ E N E D  blocks seemed t o  be the determining factor  in the torque-tension rela- 
3 z m r  - 
B m K S  - tionship, and the i r  reuse resulted i n  such wide fluctuations, it  was . 

decided t o  use SAE-01 tool  s tee l  blocks hardened t o  Rockwell C-60 f o r  ,/ . 
the t e s t  program. It was expected tha t  i n  t h i s x a y  each new bo l t  

would be subject t o  the same conditions a s  the previous one without 

necessitating the use of a new se t  of spacer blocks f o r  each individ- 
'r- 

ual  bolt-nut t e s t  specimen. Although'the liardened blocks were a dis- 

t i n c t  improvement over the cold rolled s t e e l  blocks, it was found 

tha t  even the hardened blocks were subject t o  galling and smearing of 

metal, and required sanding. 

Experimental t e s t s  using hardened s t e e l  (Rockwell C-60) spacer 

blocks and the following bol ts  and nuts were made. 

BOLTS: (1) AN8C-37, 1/2-20 UNF-3A Stainless Steel Bolt. 

(2 )  1/2" Diameter Standard Cold Finished Steel Bolt. 

hWS: (1) AN-363-C820, 1 / 2 ~  Silver Plated Steel  Nut. 

(2) 1/21' Standard Cold Finished Steel Nut. 

These t e s t s  itlvolved successive dry torquings from the nut f o r  

the various combinations of the above bol t s  and nuts, and torquings 

with the n u t  bearing surfaces alone lubricated with oi l ;  w i t h  the 

threads alone lubricated with o i l ,  and with both the thread and nut 

bearing surfaces lubricated with oi l .  

A s  a r e su l t  of these t e s t s  the following conclqsions were reached: 

- 1. The increase i n  the torque requirements f o r  successive t ight- 
e n i n g ~  of the sane bolt-nut cornbination i s  due t o  the follow- 
ing factors: 

(a) Increased f r i c t ion  between bearing surfaces of nut and 
hardened s t e e l  spacer block due to  galling. 

19 



(b) Increased f r i c t i o n  between threads of the  nut and b o l t  . 

due t o  gall ing.  
\ 

2. Factor ( a )  above account? f o r  a much greater  percentage of the 
incregsed torque required a f t e r  successive t ightenings f o r  
the combinations tes ted.  

I 

3. A s i l ve r  pla ted nut causes l e s s  ga l l ing  of the hardened s t e e l  
spacer block than does a standard s t e e l  nut. S i lver  p la t ing  
a c t s  l i k e  a lubricant i n  t h i s  respect. 

/ 

4. The increase in torque values over successive dry t ighten- 
ings  of the s t a in l e s s  s t e e l  b o l t  and s i l ve r  pla ted nut due 
t o  thread f r i c t i o n  i s  negligible f o r  asmany a s  s i x  torqu- 
ings  . 

5. For the standard s t e e l  bo l t  used with the s i l ve r  pla ted nut, 
or f o r  the s t a in l e s s  s t e e l  b o l t  used with the  standard s t e e l  
nut the  increase i n  torque values aver successive dry t igh t -  
e n i n g ~  i s  p a r t i a l l y  a t t r i bu t ab l e  t o  increased thread f r i c t i on .  
That portion of the increased torque due t o  the  increase i n  
t l r e a d  f r i c t i o n ,  however, i s  only about 10 t o  20% of the  
t o t a l ,  the r e s t  being due pr incipal ly  t o  the  increased f r i c -  
t i o n  of the nut and spacer bloclr bearing surfaces due t o  
gall ing.  



SECTICN V 

P E S T  P R O C E D ' U R E S  

Torque-tension t e s t s  were perforrfled i n  t he  following order: 

1. Torqued from nut - Lubricated 

2. Torqued from head - Lubricated 

3. Torqued from nut - D r y  

4. Torqued from head - D r y  

Each b o l t  specinien was torqued through i t s  f u l l  range f o r  f i v e  

successive torquing6 before the  next specimen was tested.  ~ l l  t e s t s  

were made a t  room temperature. Readings were made a s  torque was 

increased. No determination was made of the  torque due t o  the  s e U  

locking provisions i n  t he  nuts  a t  zero tension load. No re lease  

torque readings were made. 

Torque values were recorded on the t e s t  data  sheets  f o r  s i x  

increasing s t r e s s  l eve l s ,  wherever possible. On the  f i f t h  torquing 

the  s t r e s s  was r a i s ed  t o  the  coaiputed y i e ld  point where possible,  and 

the  torque n o t ~ d .  I n  many cases p r inc ipa l ly  during dry torquing from 

the  head, t he  b o l t  f a i l e d  before the  higher t e n s i l e  s t r e s s  l eve l s  

could be reached. 

LU"a1CATED For the  lubr icated conditron t e s t s ,  tlxread coolpound, anti-seize,  
= ~ V G  

graphite petrolatum, 17lil-l'-554L: lubr icant ,  which i s  a nrkiture of 50% 

graphite and 5@ petrolaturfl, was applied t o  the  threads and t o  t he  

seating surfaces of the  b o l t  heads and nuts p r i o r  t o  tlie i n i t i a l  

torquing . 
Lubrication was a l so  applied during subsequent torquings due t o  

l o s s  of lubricant .  The i n i t i a l  lubr icat ion and subsequent lubr icat ions  



a re  noted i n  the "Test Ratan sheets by an llLll placed before the 
\ - 

torqiing runs where they were applied. 

For the XS-20,004 t o  i~lS-20,008 series. bol ts  and the AIT-3G t o  

- m-8C ser ies  bolts, tne seating surface of tne spacer blocks had a 

ground finLsh a t  the s t a r t  of the t e s t s  fo r  each size bol-t. No polis11- 

ing or sanding was done on these surfaces durinc tne lubricated torquing 

tes ts .  

For the All-509-OR t o  AT$-509-816~ series bolts ,  the f i n i sh  was 

that  l e i t  by tine cozirltersink tool  a t  the - s t a r t  of the t e s t s  fo r  each 

size bolt ,  and the surface was not processed i n  any way during the 

lubricated torquing tes ts .  

For lubricated tes t s -on  the 11s-20,009 t o  13-20,024 bol ts  and fo r  
/ 

the AN-9C t o  AN-20C bolts ,  and fo r  tne AN-509-916~ screws, the seating 

surfaces of the  spacer blocks were sanded a f te r  w e  fS-Lh torquing o f  

each bo l t  a s  descrLbed under dry torquing. 

Dl?Y After corfi9leting t i e  lubricated t e s t s  on a bolt  size, the bloc!;s 
~ Q L X K G  

and the specimens were thoroughly cleaned with carbon tetrachloride 

before dry torquing was begun. 

It was found tizat the pressure of the seating surfaces of the 

bol ts  and nuts during dry torquing, de~os i t ed  an increasing mount of 

metal and plating on tne seatiilg surfaces of the spacer blocks. 

For t h i s  reason the bearing surface of the blocks were sanded 

arr"ter.the f i f t h  torquhg on each bolt.  Thus t e s t s  on each new spec- 

imen was s tar ted on a newly sanded ~surTace. For tne I T S - ~ O , O C ~  t o  

f"f,S-20,021~ ser ies  and t l ~ e  AN-3C t o  AN-20Z ser ies  bo l t  spacers, and fo r  

the spacers used with the nuts of tile ~I\T-509-89. t o  ~i\T-509-916_9. se r ies  



screws t h i s  was done on a be l t  sander using a Ir130-X G r i t  Metallic 

 cloth^^ ~nanufactured by Behil l:al~ing of Troy, ilreir York. For -Lile 

~i\i-S09-8~ t o  AI~-509-9163 ser ies  bo l t  spacers -useti t,L!;? tile screw 

heads, t h i s  tras clone by hand sandiiig -I;he ccuntcl*suni; area. 
- 

Tie "Test 3atatI sheets on Ti-nlsli sllow Vth FYofilo~netei~ reaciings 

of these swfaces. 

HAXDIESS Eardness t e s t s  on t'ne bol t s  smre mad-e by grinding a f l a t  on the 
rnSTS - 

shank' of the bolt. Tests on the nuts sfere mati? on the f l a t s  f o r  l~exa- 

gon nuts and. on the seating surface f o r  ti?e EB and b2~;:.! type nuts. 

Spacer blocks hardness t e s t s  xeye lnade on the seating .surfaces. - 

~ ~ - 4 ~ 5  Tests f o r  surface f i n i s h  were made on the spacer blocks i n  a dir- 
rn - 

. TESTS eciion across the cuti lng tool  ~ I W ~ S .  In the case of the bolJb an6 

nut seating surface t h i s  I T ~ S  fil a r ad ia l  ciir~ction. For a feia srnall 

s izes  it sras necess=y t o  ciepart frcln the r ad ia l  sorne~il~at t o  c lear  

the shank of the- bolt .  



T E S T  R E S U L T S  

Appendix I1 contains the  data on the  hardness v d  surface f i n i s h  of the  

b o l t  heads, the  nuts, and the  spacer blocks. 

Appendix I11 contains the  "Test Data', sheets s h p i n g  tne torque-tension 

t e s t  r e s u l t s  obtained with t he  various b o l t s  and nuts f o r  the d i f f e r en t  t e s t  

conditions. 

A2pendix IV contains graphs of t he  re la t ionship  between the  average torque 

and the  tension f o r  the  various types and s izes  of bol ts ,  f o r  the d i f f e r en t  

conditions of t e s t .  Plot  l i n e s  connect average points d i rec t ly ,  without curve 

f i t t i n g .  On Pages 166 t o  175 are  shotm r e l a t ed  fami l ies  of curves f o r  t hc  

various ty-pes of b o l t s  tested.  

WADC TR 57-330 





SECTION V I I  
7 

C O N C L U S I O N S  , 

L r n I  - Lubricated condition torquing produces average torque-tension 
CATED 
~ ~ J J G  relationships which do not vary appreciably over repeated torquings 

t o  the high tensi le  s t r e s s  levels. 
* 

The torque tension relationship varies with different  lubri-  

cants. Specification PJi.l-T'-5'SWc lubricant possesses outstandii~g 

anti-friction and anti-seize properties, and lower torque values 

were required t o  produce a given tension than other lubricants tried. 

DBY 
7 

The torque required t o  produce a cer tain tension in - h e  bo l t s  
TQRyUING 

increased with each successive dry torquing, due principally t o  the  

progressive detepioration of the bearing surfaces under the head 

or nut. 

A study of the data sheets indicates t h a t  the socket heads on 

the >IS-20,004 t o  IG-20,024 ser ies  bol ts ,  and the Phill ips,  Frearson 

a d  scre~fdriver s l o t s  on the AN-509-8R t o  AN-509-916~ ser ies  screws, 

do not develop the f u l l  tension capabili t ies-of these bol t s  and 

screws under conditions of dry torquing. I n  most cases the higher 

tens i le  s t resses  were not reached due t o  rupture of the heads by - 

torquing . 
I n  tile case of the AIT-3C t o  AN-20C ser ies  bol ts ,  t h i s  tendency 

t o  rupture - the head was not evident, except i n  some isolated cases. 

For Vne case of the AN-3C t o  AN-12C ser ies  bolts,  the torque 

from the head was 50 t o  10@ greater than the torque from the 

s i lver  plated nut, i n a c a t i n g  the effectiveness of the plating. 



TORQUE The torque tension re la t ionsh ip  among individual  b o l t s  of the  
KZTEIONS 
AMONG same s i z e  i n  a s e r i e s ,  showed an average var ia t ion  from the  mean of 
WIDUAL 
BOLTS - about .t 1% f o r  both t n e  dry and lubricated cases; with the  exception - 

of the dry torquing case f o r  the  NS-20,00k t o  MS-20,024 s e r i e s  b o l t s  

where the  werage va r i a t i on  was about 26%. These percentages were 

based on a 7% sample of a l l  the r e su l t s .  

OF It was observed t h a t  torque values bbt'ained during the  dry torqq- 
CI;E;ILFLCIRCB 
HOLES ON ing t e s t s  were deyendent t o  a notic'eable extent on t he  s ize  of t he  * 

7mmT - 
BLOCKS - clearance holes d r i l l e d  i n  the  spacer blocks t o  acco~nmodate a part icu- 

lar diameter bol t .  -As the  diameter of the  hole i s  enlarged, the  torque 

required increases also; due t o  the  reduced bearing surface area,  which 

increases the  f r i c t i o n ,  ga l l ing  and seiz ing between b o l t  head or  nut  

and. t h e  spacer block. see gal l ing a reas  on blocks i n  Fig, 8. 

The torque data  obtained during t h i s  t e s t  program thus per ta ins  t o  - 
the  bo l t ing  of hard-ened s t e e l  p l a t e s  through holes, which have the  spcc- 

i f i c  clearances noted on %lie "Data Sheetsff. See Appendix 111. The re la-  

t ionships  f o r  other s izes  of clearance holes were not investigated.  

?3E.AIRII"r Due t o  the  f a c t  t ha t  i n  most cases tne bearing surfaces of both 
- 

c O K T A ~ -  
AFEA OF b o l t  heads and nu ts  a re  not formed f l a t  and perpendicular t o  -the b o l t  
HtGLDS & 

x:is, the  ac tua l  contact a rea  Is considerably cliff w e n t  froiii t n a t  cal-  

culated from the  dimensions shor$.n on tne specif icat ion sheets. 

The heads of the  AN-509-83 t o  AN-509-3162 series f l a t  head screws 

a l so  do not f u l l y  contact  the  countersunk m e a  of the spacer blocks, 

I n  inost cases 5% i s  estimated t h a t  approxkntely  GO$ of t he  calculated 

bearing surface area was-ut i l ized,  

EFFECT OF Si lver  or cadniwn p la t ing  on a bo l t  or nut a c t s  as ail anti-seize 
~?EF~T\IG I 

~ 5 t h  regard t o  lowering the  required torque values f o r  t h e  dry con- 



ditions. Silver p l a t i w  appears to  be superior t o  cadmium plating 

with r e g a d  t o  i t s  anti-seize effect. Under lubricated torquing con- 

di-Lions the effect  of tine plating on the torque required i s  greatly 

reduced. 

Values of torque fo r  dry nut torquing af the AN type bo l t s  

employing s i lver  plated nuts :nay vary from l o t  t o  l o t  and froin manu- 

facturer t o  nianufacturer, a s  a function of pre-plating surface f inish,  

thicluzess of plating deposited, and plating teclmiques. 

EFFECT OF After plott ing the data obtained froin the A I U ; ~ O ~ - &  t o  AN-509- 
Dm2 ALmi- 
IimI IWS 4 1 6 ~  ser ies  screws with the I-iJ alunlinum izuts it Tias observed that  

for  the case or" dry torquiilg the curves did not follotr the spread 

pattern obtained wit11 the AN-365 s i lver  plated s tee l  nuts on t i e  

sane s ize  screws. Also the torque values were less. Compare graphs 

of bo l t s  0, P aid Q with iii, X and S. 

These torque values were increased many fold  when the blue dyed NMJ 

alw~zinum nuts were allo.llred t o  soak i n  carbon tetrachloride f o r  about 

f i ve  m u t e s  prior t o  test ing.  See graph of s ize  X t e s t  bolt ,  

Page 151. 

The manufacturer of,the blue dyed. alundnum nuts l a t e r  advised 

that  these a l w ~ z u n  nuts were dyed blue fo r  ident i f icat ion purposes 

only. During the grocess, the nuts are  impregnated with a lubricant 

and m e  not subject t o  any subsequent bath or r i n se  that  r16ght tend 

t o  remove the lubricant. 

Tne normal t e s t  procedure of rJi,ping the m t s  &th carbon te t ra -  

cliloride t a s  not suff ic ient  i n  t h i s  case t o  completely remove the lub- 

r i can t  and the r e s u l t s  of the dry torquing t e s t  f o r  bo l t s  ? d ,  2; and Y 

must be considered. a s  having been modified by the manufac f~~e r s  lubricant. 



STA-SS Tests on the AN-a~ t o  AN-20C type bolts,  of 7/8" diameter t o  
S W L  
I_ 

BQLTS & ' 1 lh!! diameter were run with AN-310 type unplated s ta in less  s t ee l  
NUTS - 

nuts. The f r i c t ion  on the s tainless  s t ee l  threads between bol t  and 

nut caused skizure and consequent f a i lu re  of the bolt  i n  shear a t  the 

root area during dry torquings a t  values of tension from 40-60,000 psi. 

See examples of specimen fa i lu res  shown i n  Fig. 9. 

The higher torque values at t r ibutable t o  thread' f r i c t i o n  appears 

t o  be due t o  the galling and seizing action caused by the use of 

s tainless  s t ee l  f o r  both the bol t  and the nut. This severe galling 

effect a t  the threads was not evident when both metals were dissim- 

i l a r  or one o r  both were plated. 

The recessed socket heads of the MS-20,004 i o  1$~-20,024 type 

RUPTURE bol ts  ruptured before reaching the higher s t r e s s  levels,  when 

torquing from the head i n  the dry condition. Sizes between 1/21! 

diameter and 1 1/41! diameter ruptured out tihen torquing froin the 

head i n  the dry  condition a t  values of tension wound s0,000 psi. 

With the 1 1/41! diameter and. 1 1/21! diameter bol t s  under the same 

conditions, it was possible t o  torque t o  70,000 psi.  before rup- 

ture  occwred. 

Rupturing of the recessed head also occ-ured w5ih the ~>i-509 

f l a t  head screws above 1/41! diameter, a t  values of 30,000 psi.  or 

less. See Fig. 9. 

DRIVE - Ii1 many cases, pakticularly ~ f ~ t l i  the A~J-509 screws the best 
TOOL 
FAfLUR;Es drive tools  cofillnercially available ru~tui ied before the bol t s  could 

be torqued t o  the y ie ld  point. Sorfie 'of "Lese broken fools are 

shown i n  Fig. 9.  



COIOCLU- The torque-tamion relationshipr a s  detemdned during these teats,  
'Em- < - 

must be regarded aa applyhg only for the particular conditions of 

these teats. It was found that the bearing surface8 of the objects 

bolted together exercised uonaiderable itLPuence on the re8uI.t~ ob- 

tained. Thus for  spaoers of 0th- mterialar, with other hardness and 

fW& lzeatment, an&wi%h different clearance i n  the bolt holes, 

other torque-tenaion relationahipls would be expected. 'Fhe varianae 

affeuts of these eondftiona are greatly nlsgnffied for  the carse of x 

dry torquing. 

In view of the much greater repeatability - of lubricated torquing 

relationships, it  would appear that t h i s  method would be preferred for  

pre-atreersing, mb3ect t o  a possible reduction i n  locking and holding 

reerietanoe of the nut due t o  the thread lubrication. 

During the preliminary teats, it waa noted that  most of the 

aeatter and increase during torquing conditions was due t o  the rrut or 

the head bearing surface f r ie t i en  swd aeisure. IR view of %his, a 

terquing prouedure might be considered i n  whieh the lubricant is 

applied only under the nut er head, whichever i s  used for  torquing, 

without lubricating .the threads. Thir method would improve omsir- 

, tencry of resalta over the to%ally dry caae, and a t  the rme time main- 

t a in  %he f u l l  locking reriatance sf the thread. 





I N C W L E T E  THREADS AND/OR 
EXTRUSICN ANGLE PEFTlISSIBLE 
UP TO I1X) THAEAD PITCH PW: 

FOUR LOCKUIRE HOLES 
FURNISHED UHM DRILLED 
HEAD I S  SPECIFIED I N  
PART NO. E (MEASURED AT CEtil'ER OF 

HEX SOCKET FACET) 

5 I S  1 I] - Q U " 
5 a.! 
3mg 
"f  i 

iii E 
I c f 

, ?-• 
~ 1 :  

(a) MHENSIONS A, B, AND C SHALL BE OONeWTRIC TO EACH OTH& WITHIN V A L W  S P E I F I E D  FOR X TOTAL INDICATOR ReADING. 
MHENSIONS H AND C SHALL BE CONCEWlXIC TO EACH OTHER WITHIN VALUES SPECIFIEE FUR Y TOTAL INDICATOR READING. 
D I ~ S I O N S  A AND THWD PITCH DIA~IEPER SHALL BE CONCENTRIC TO EACH OTHW WITHIN VALUES SPECIFIED m R  z TOTAL INDICATOR . RMDINO. 

$ j! 
, ' 

8; 8 
6 1; 

=;i I .% . ' 8 
f [ 8 
I "  ,, 

(b) FtEFERENCE D I m S o N s  ARB m R  osIa  PURPOSE^ CNLY AND ARE NOT AN I N S ~ O N  W U I ~ T .  

KATERIAL: ALLOY STEL. SEE PRO- SPECIFICATION. 

m191: c m m  mm. SP smxncma. 
HEAT TREAT: SEE PRO-T SPECIFICATION. 

ADD H W R E  WSH NO. FOR BOLT YITH DRILLED m. 
. EXAHF'LES OF P A W  NOS. I lamob-8 = 1/L-28 BOLT l.CO0 INCH LONO .5@J INCH GRIP  UNDUILLED HEAD. 

HSXO2J4A8 ' 1 /b -28  BOLT' 1.000 INQi LLW.3' .5@J INCH GFUd DRILLED HEAD. 
~ ~ 0 3 3 ~ 4 - 9  ,= 1/M8 BOLT' 1.062 INCH LONG' .562 INCH GRIP' INDRILLED HEAD. 
H S m H 9  = 1/L-28 BOLT: 1 . 0 6 2  INCH LONG: .562 INCH GRIP: DRILLED HPAD. 

BOLTS SHLLL BE FREE FIbDll ALL HANGING BURRS AND SUPERS UHICH HCOHT BECOHE DISLODOED UHDER IISAOE. COliUTgRSINKINO OF DRILLED 
HOLE3 IS om10m. 

~ ~ I I P ~ S I O H S  IN INCHES. UNLESS OTHEWISE SPBCIFIED, TOLER~WC~S: ~ C R ~ ~ L S  2.010, ANGLES *lo. 
W 

B 
E 
e 

a 
3! 
w 
I 

m 
Ei 
C1 

m N 

Q 

N a v y  - BUAer M l l l T A R Y  S T A N D A R D  
BOLT - INTERNAL UREIICHINO, 160,000 PSI 

: 

hllS20004 THRU 

MS20024  
SMELT 1 Of 2 

SmwBsTEs rrmSIIU0 wAsl,95 .."' 
WADC TR 67-330 3% 



@MATERIM: nEEC - us14130 ( ~ s a m )  OR EQUIVALENT. m r m  w z t s  114 rnloffin 1/1. 
.WEL - AISI 3140 OR EQUIVALENT. THEE40 UZLS PA6 T luoUGU I.  
nEEL - US14340 (MS6411) 01 EQUvALEW. THREAD SIZES I Ib AND L M U R .  

FINISH: C A W l W  M R  - FEDf IU  YEC CQ-P-416. TWC I, CL4SS C. 

tWDNESS: RCCKWLL .C. 73-35, (SEE N O l t  I). 

m MAGWTK PARTKLE INSP~CTION PARTS INDIVIDUALLY I N ~ C T E D  IN ACCORDANCE wlrn M t L t r a Y  ~~~CIFIC~TION 
MlL-1-(86B AND DYED G I E N .  

- 1  ESM - STANMIID 

NUT - DOUBLE HEX, H I G ~  TENSILE LU 
PAGE I Of 2 

ELASTIC STOP NUT CORPORATION OF AMERICA. WON. NEW JERSEY. 

\ I I 
@THREAD SQUARENESS ESNA ~ P E C  405. GROUP I I. SIZES I 4 THROUGH I 2 

ESNA SPEC 405. GROUP I, SIZES 9 16 AND LARGEC 

THREADS MIL SPEC MIL-S-'742 I I 
( TOLERANCES; UNLESS O~HIRII.ISE SPECClfS. IXCMALS, t ,015 

PERFORMANCE 
TORQUE. - N A U Y  EXCEPT THAT THE fUVAIED TEMPERATURE TEST MAXIMUM IS IYPF 

AXIAL TENSILE STINGTH - THE AXIAL TENSILE STRENGTH LISTED I N  T M  TALE O N  P A U  I OF 2 IS EQUIVALENT 
10 180,000 PSI AT THE MlNlMUM PITCH DIMETER C+ THE BOLT THLADS, FOR SIZES 
1.4 THROUGH I,?. I I 
FOR SIZES 9/16 AND LARGER IHE FIGURES LISTED ARE EQUIVALENT TO A MINIMUM OF 
160.000 PSI AT THE MINIMUM PITCH DIAWTEk OF THE BOLT THREADS. 

APPROVAL STATUS TYFf ED IS ACCEPTARE FOR USE O N  AIRCBAiT I N  ACCORDANCE WITH IWREAU OF AERONAUTKS 
APPROVAL LETTERS 11472 AND 52353 DATED IS FfB 49 AND 8 JUL 4?, REYECTIVELY, AND AIR 
MATER'IEL COMMAND APPROVAL L E T ~ E R  MCREXA7I DATA ZO JAN Y). 

APPLICATION: TYR E l  IS DESIGNED FOR HlGH TENSILE APPLKATIONS WHERE M I G H T  AND SPACE LIMITATIONS ARE 
MAJOR CONSIDERATIONS. 

ESNA AVAILAdILlTY CODE - STANDARD PARTS NORMALLY CARRIED IN STOCK. 
t - STANDARD PARTS I N  STOCK OR AVAILABLC WITHIN NORMAL DELIVERY SCHEDULES. 
A - STANDARD PARTS AVAILA8LE WITHIN NORMAL DELIVERY YMDULES OUT FOR WHKH MINIMUM PRODUCTION 

RUN REQUIREMENTS ARE NECESSARY 
NT - PARTS WHICH C A N  IY MADE AVAILABLE I N  PROTOIYPE QUANTITIES BUT PROCUREMENT I N  V O L M  SHOULD 

ALLOW FOR PRODUlTlON TOOLING 

I N O ~ S .  I. WHEN MEASURING ROCKMLL HARDNESS OF TYPE EB NUTS IT IS NECESSARY TO CUT WF THE ENTII 
LOCKING OWICE, GRIND TM TOR OF TM NUT M o o T n  ~ N D  PARALLEL TO r n  NUT SATING SURFACE 
AND REMOVE THE CADMIUM PLATING FROM Ill€ SAT ING SURFACE. Tnt MARDWSS READING IS THEN TO 
E TAKEN O N  THE TOP OF THE NUT I I '  

I 
PEDIOlUILTL 
SPUICUTIOY ESNA - STANDARD 

MAS353 
As APPLKAuE NUT- DOUBLE HEX. HIGH TENSILE EB 

PAGE 2 Of 2 

1. WITH THE EXCEPIlON Of THE FOLLOWING SIZES 9/16 S/8 3/4 7/B 1 AND I I/B WHKH WlLL ALWAYS 
BE MANUFACTURED AS FORGINGS, ED NUTS WILL Y M'ANU;*CT~ID i s  EITHER FOR~INGS OR FULLY 
MACHINED PARTS IGARDLESS OF MANIXACTUSING METHOD THEY PARTS A I  I N T E # C H A N G E ~ E  BOTH 
WITH &SECT TO ENVELOPE DIMENSIONS AND PERFORM~KE THEY WlLL IY SHIPPED INTEKHANGEAYY 
DEPENDENT ONLY UPON CURRENT AVAlLAOILlfY, UNLESS INSTRUCTIONS TO THE CONTRARY a  RECEIVE^ 
FROM THE CUSTOWR I 
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n x 45" APPROX. 

I 

- 
THE CONICAL SURFACE OF 
THE HEAD SHALL NOT BE 
ECCWTRIC UITH THE BODY ' 

C UORE THAN A TOTAL 
1 / 3 2 ,  AN INCREASE OF .001 OF 
OVER A DI A FRON POINT OF 
TANGENCY OF R AND SHANK 
WILL BE PERnISSIBLE - 

SLOTTED HEAD SCREW 
ZNLARGED VIEW OF HEAD'DIAIIETER 

1 0 

- 
T H I S  TYPE OF RECESS HAS A LARGE CENTER OPENING, TAPERED YINOS, 

PARALLEL SIDES CONVERGING TO A SHARP APEX AT BOTTOM OF R6CESS AND BLUNT BOTTOH, YITH ALL B E E S  RELIEVED OR ROUNDED 

DIMEElSIONING AND GAG.ING OF THE ABOVFi T P E S  OF RECESSES S W  BE I N  ACCORDANCE YITH THE 1 9 5 0  SUPPLE?ENT TO HANDBOOK H-28 SCRW 
THREIDS FOR FEDERAL SERVICES. 1 9 u .  

9 - 
rl m 

'5d 3 FINISH: STEEL OR ALUtIINLRI ALLOY, SEE PROCURQIENT SPECIFICATION; BRONZE, CAlMlM PLATE, SPECIFICATION QQ-P-W~, TYPE I ,  CLASS C. % 
GRIP  LENGTHS I N  ADDITION TO THOSE TABULATED ARE AVAILABLE I N  l / 8  INCH I N C m T S  BY TH$ USE OF SIGNIFICANT DASH NWBEEi. 2 

RI N 

9LAIN DASH NUIIBERS INDICATE STEEL SCREWS. 

ADD C BBFORE FIRST DASH NlMBER FOR CORROSION RESISTANT STEEL SCREIIS. 
ADD DD BEFORE F I R 3  DASH NLPlBER FOR ALUIIINUPI ALLOT SCREUS. 
Am) R BETUEEN FIRST LW SECOND DASH NlRIBER FOR RECESSED HEAD SCREUS. 

KXAWLBS ?F PART NOS. : AN509-10-12 = NO. 10 S L O T T m  HEAD STEEL SCREW 25 /32  INCH LONG. 
( c ) . + w ' w 0  In - :::? 

Y 
( c )  - '- - Q Fa 

AN509C10-12 ' NO. 10 SLOTTED HEAD COAIIOSION RESISTANT STEEL SCREW 2 5 / 3 2  INCH LOmj. 
E 

AN509DD10-12 ' NO. 10 SLOTTED HEAD ALUnINUn ALLOY SCFW 2 5 / 3 2  INCH LONG. rl 01 

AN509-10R12 ' NO. 10 RECESSED HEAD STEEL SCFW 25 /32  INCH LONO. 

f ' 
DIHENSICNS I N  INCHES. 

PECIFICATION AIR FORCE-NAVY AERONAU'TICAL STANDARD 
c 

HIL-S-7839 EW- MACHINE, FLAT HEAD, 100: STRUCTURAL AN509 
SHED 1 OF 3 



I 

WASHER FACE 
OPPI01iAL 

TAP T 

OFTIONAL 

F I N E  THREAD 

COAltSE THREAD 

I I I I I I I 

(a) HINmvlr A NOT SPECPIED. LMITED OllLY BY S l R W G R i  mUI-T OF SPBCPICATIM. 3 .  

e rl 

c 
4 

N-Amc m m T .  

7 
a < 

DJHRISIMS M INCHB. 

FCR JMTUTIM R i m  WAWINO AND10068. 

1 l a  - REICK*TKYI AIR FORCE-NAVY AERONAUTICAL STANDARD 

AN-N-5 o NUT-SELF LOCKING, 250. F AN 365 
7 U S F  DRIVMO 365 MID 

OPO BPI594 36 W tR&VMa 107 

WADC 7 ~ !  m-330 



I 
ELASTIC SfOP NUT CORPORATION OF AMERICA. UNION. NEW JERSEY. 

CODE: PART NUMBER AS LISTED IN THE TABULATION ABOVE DESIGNATES HlGH STRENGTH ALUMINUM ALLOY HEX NUT 
WITH FIBRE LOCKING INSERT. 
PREFIX LETTER "Nn TO PART NUMBER LISTED IN TI?€ TABULATION ABOVE DESIGNATES HlGH STRENGTH 

ALUMINUM ALLOY HEX NUT WITH NYLON LOCKING INSERT. 

EXAMPLE: MJ-02 = FIBRE LOCKING INSERT, HlGH STRENGTH ALUMINUM ALLOY HEX NUT, TYPE MJ, 10-32 THREAD. 
NMJ-02 = NYLON LOCKING INSERT, HlGH STRENGTH ALUMINUM ALLOY HEX NUT, TYPE MJ, 10-32 THREAD. 

a MATERIAL: ALUMINUM ALLOY, 2014-76 (AMS4121). 
ALUMINUM ALLOY, 2024-74 (AMS4037) 1/4 SIZE ONLY. 

0 FINISH: ANODIZE, MIL SPEC MIL-A-862WASG) DYED BLUE AND LUBRICATED. 

a LOCKING INSERT: RED FIBER 
RED NYLON, "ZMEL" 101. 

I 

THREAD SQUARFNESS: ESNA SPEC 405, GROUP I. 

THREADS: MIL SPEC MIL-S-7742. 

TOLERANCES: UNLESS OTHERWISE SPECIFIED: DECIMALS, + .015 

PERFORMANCE: ESNA SPEC 414. 

APPROVAL STATUS: PENDING QUALIFICATION UNDER APPLICABLE MS STANDARD DRAWINGS BElNG COORDINATED 
BY THE SERVICES AND INDUSTRY, APPROVAL FOR AIRCRAFT USE OF TWE M J  NUTS 41 STEEL 
LOADS MAY BE OBTAINED FROM EITHER THE BUREAU OF AERONAUTICS, FOR BUAER CONTRACTS, 
OR THE AIR MATERIEL COMMAND, FOR AIR FORCE CONTRACTS. 

APPLICATION: TYPE M J  HlGH STRENGTH ALUMINUM ALLOY NUTS ARE DESIGNED TO BE USED IN PLACE OF STEEL 
NUTS O N  125,000 PSI STEEL SCREWS IN ORDER TO EFFECT A N  APPRECIABLE WEIGHT SAVING. 
(SEE NOTE I ) .  
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MJ 
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PERFORMANCE 
SPECIFICATION 

ESNA SPEC 414 

ESNA - STANDARD 

NUT - HEX, MACHINE SCREW, 
HlGH STRENGTH ALUMINUM ALLOY 
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SEE SIIEEP 3 FOR  NO^ (a) AND (b). I 

(c)  THE DIAPlFPER OF 4 E  WASHER FACE SHALL NOT EXCEED TWE ACTUAL WIDT# ACROSS FLnlS. 

I MATERIAL: NON-CORROSION-RESTSTANT S*, CORROSION-RESISTANT S E E L  OR b W I N U M  AUOY. SEE PROCUREMEW SPECIFICATION. 

ADD C BEFORE DASH HUneER POR CORROSION-RESISTANT S T E a  BOLT. 
ADD DD BEFORB DASH NUMB& MIR ALLMNWALLOY BOLT. 
ADD A AFTER DASH HUneER POR UNDRIILEO BOLT. SEE ILLUSTRATION. 
ADD H BEFURE DASH W E R  FWf BOLT WIT# DRILLED HEAD AND SHANK. 'SEE ILLUSTRATION. 
ADD H BEFURE DASH NUneER AND A AFTER DA5l NUWBER FOR BOLT WITH DRILLED HEAD ONLY. SEE ILLUSTRATION. 

I !XW%ES OF PART HUneERS: 

I AN6-10 - 3 1 8  NON-CORROSION-RESISTANT S T E L  B a T  ;-5/6h MNG, 7/16 GRIP WITH DRILLED SHANK ONLY. s ~ E  ILLUSTRATION. 
AN6cio = j / 8  CORROSION-RESISTANT STEEL BOLT 1-5/6h LONG, 7/16 GRIP WITH DRILLED SHANK ONLY. SEE ILLUSTRATION. 
AN6DDlO - 3/8  ALMNUPI-ALLOY BOLT 1-5/61, LONG, 7 /16  GRIP WIT# DRILLED SHANK ONLY. S E E  ILLUSTRATION. 
AN6DDlOA - 3 1 8  ALlJHItilJM-ALLOY BOLT 1-5/61, LOW, 7/16 GRIP, UNDRILLED SHANK AND HEAD. SEE ILLUSTRATION.,,, 
AN6DDH10 = 3/8  ALWNUM-ALLOX BOLT 1-5/6h MNG, 7/16 GRIP WIT# DRILLED HEAD AND SHANK. SEE ILLUSTRATION. 
AN6DM110A - 3 / 8  ALUMINUM-ALUn BOLT 1-5/61, LONG. 7/16 GRIP WIW DRILLED HUD OhLY, SEE ILLUSTRATION. 

wloiE3 By K-3 
m6-yB3 

--- --- --- -- - - - - - - 
- 

-UIDRILLHI BMM HEAD AND SHANK DRILLED HEAD ONLY DRILLED SHANK ONLY DRILLED 

a 
E K 

'-9 2 

F 
ILLUSTRATION OF D R I W  AND UNDRILLED BOLTS AND PAF3 NU= 4 

@  am SHALL BE FREE F R D ~  ALL HAWING BURRS AND SLIVERS WHICH ~ W T  BGCW DISLODOED UNDER USAGE. COUNTERSINKING OF DRIW 8 
HOLES I N  HEAD I S  KANDATOW. COUN1BRSII IW OF DRILLED HOLL5 I N  SHANK I S  OPTIONAL. > 

D I M S I O N S  I N  INCHES. UHLE99 OTHERIJISE SPECIFIED, TOUFIANCES: DECIWLLS t.010, A W  
P 

L 
- 4 

SUPERSEDU FO2MF.R AN4 STANDAIU) AhD 
AIR FORCL AND NAVY STANDARD ISSUBS 

I rIIL-0-6812 

OPO E 1 1 1 S 7  

WACX TR 57-a30 

BOLT - MACHINE, AIRCRAFT 1 A N 3  THRU A N 2 0  I 
SHEET 1 OF h 

6' AN3 THROUGH AN20. 



UASHER FACE OPTIONAL 

(a) MINIMLTM A NOT S P E C I F I E D .  L l M I T E D  ONLY BY STRENGTH REBUIREMENT O F  S P E C I F I C A T I O N .  

FOR DISTALLATION INSTRUCTIONS S E E  DRAWING ~ ~ ~ 1 0 0 6 8 .  

SUPERsEDES USAF m W I N G  363 
3 P O  813495 

WADC TR 57 -330 39 
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TO OD OF THREADS 

C W F E R  OR BOTTOH FACE 15. TO 

RlXRlD OR S U R E  EOlTOhl DIMENSION A OPPICHAL 
CArl'ELuTION O P P I N L  

(a) FOR U ALLOY HUTS URGER THAH -5 SIZE, TOLERANCE3 ON A M Y  CONFOm TO A P P L I U B L E  MTKRL4L SPECIFICATIONS FOR BAR AND ROD. 

MTE3IAL:  ST=, AL ALLOY AND CORROSICN I W I S T I N G  F. SEE PROC- SPECIFICATION. 

F I N I S :  9EE PROC- SPECIFICATION. 

ADD D BEFOFtE M S H  NlRIBER F a t  AL ALLOY NUTS. 

ADD C BFXQRE DASH MMBER FOR COWLOSI(RI RESISTING S T E  NUTS. 

EWfPU3 OF F'ARP NOS.: ~~31w = STEEZ NUT 5/16-2m-3. 
AN3lOD5 = AL ALLOY  IT 5/16-21rNr-3. 
AN31OC5 = CMIRGSIOEI I&ISTJ%G STEEL NUT, 5/16-2UF-3. 

DDQiiSIONS M INCHHS. UWLg99 Ul'IE+YLSE SPECIFIED, TOLERANCES: RUCTIONS t1/61r, DECl Iu I .3  f.010, ANG- tie 

40 
SUPEXSEDES FORRE3 USAF AND NAVY 
SI'ANMRD BSUIB OF AN310 

G P O  821597 

WAoc TR 57- 3- 

L 



, ~ ~ S S  & SURF'ACX FINISH 
TEST DATA 









W A X  TR 57- 330 43 



SURFACE FMSH 
SHC&P BLOCKS 



WADC P? 57-330 45 







DATA SHEET 



DATA SHEET 

WADC TR 57-330 



DATA SHEET 



DATA SHEET 
HAEDN ~ s s  $ SURFFACE 6 ~ 1 5 ~  

N4DC TI: 57-330 



-DATA SHEET 



- - 

DATA SHEET 



-DATA SHEET 



DATA SHEET 



B A T A  S H E  E J 



DATA SHEET 



DATA SHEET 



DATA SHEET 



DATA SHEET 

WADC n? 57-330 



-DATA SHEET 



DATA SHEET 



DATA SHEET 



DATA SWEET 



DATA .SHEET 



DATA SHEET 



DATA SHEET 





DATA SHEET 
H n a ~ ~ r s s  & Suu~ace FIMISH 



DA7A SHEET 



DATA SHEET 



---ATA SHEET 

WADC TR 57.3343 



DATA SHEET 



qATA SHEET 



-DATA S H E E T  



DATA SHEET 
~ A Q D N E ~ S  $ S u n ~ ~ c e  FINISH 

. 

I SUEFACE F j N l ~ j i  (F M. S . )  



_DATA SHEET 



DATA SHEET 



DATA SHEET 

WADC T R  57-330 



DATA SHEET 
f f  APDNE~S & SUUFACE FINISH 



DATA SHEET 
HARDN ~ s s  & SUUFKE, F I N I S H  



_I DATA SHEET 



DATA SHEET 



DATA SHEET 

eD€ CJQ- L - L  /,/e A x / W C - / i S  



DATA SHEET 
HAEDNESS & SUEFKE FINISH 



DATA S m T S  
of 

TORQUE TENSION KELATIONSHIPS 











WADC TR 57-330 9 1 







WADC TR 57-330 94 



TZT CELL - N O  

Dm6 - Z/ F~dayr4m/P51 TOP-A, - L.5 SkeC." SkOYhU /rho 
51.7~ 3 v8 //4 Ub'K 58  ST & 7 ~  ~ ~ s / M  A, &&Ram CPIP-IIU- 5c 

-0 09 A/KREWT BOLT COPP,€L M ~ . w ~ O L  
Snn -Ad BL& 

. -- 3-Ea /- Ma) af FeSTrC S7om- CO P UUDN N_T (FOCXMKZL Y "- ~ ~ ~ ~ r c i d )  
1 4 Z F U  I MI: W F L C X I Z  0," 0 s  JID'PPNF~ S m L  CO JRIRIRImW P# P-a27 

(NYT F04 E7 MaPFso mNBMo CW-O n,PCmn ;me BUPaeIIC,Cz& 
< 1 

0-AW-e . 





WADC TR 57-330 97 1 























WADC TR 57-330 108 











Dm- -PPl' (9% Src& 5r/UW/cG d' 
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Z.7 Cx'L - N 2  

&WE -- 31 d A b ! L % U  Z-b.4 -kB67,v s- §*L~WI@ HCAL 
s/z€ A ' W  s/ /8, 38 G.+,--ION- 5 C &T &TR C-&a;c&s/& /#' WN 
5- ae h ~ - a u  Lr Z7 &LSD sr xz-ra .%ST fl5ce.s~ a , s7ynee c0a.u C- A/Y w ~ k 4 ~ 9 m  (<o~b.Uc~c '+$ - SFnic 5- Siwn.,  E f w  

60; 
---AM 363 C/O/#  MFD BY Fl&XoL. DW oC.970 ~?€sL€D 5 e C L  Co , J & u U m  Pa 

Z.7 Cx'L - N 2  

&WE --31 J A N U A R Y  . 5 7  Z-b.4 -kB67,v 
s/z€ A'. 4 ?&./a UMF . -- 

G.+,-NION- 5 c 
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GRAPHS 
of 

TORQUE TENSION RELATIONSHIPS 

















. . I  ..., . . .  - . . .  - . . .  ... : . . . .  . . -  -- f . . . .  I .... 1 . . . .  f . . . .  I.... I . .  . t  .... I..-.- I . . .  k... 






















































































